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Li mited mobility is one of the most disabling problems facing the growing population of older adults. Osteoarthritis (OA) is the most prevalent joint disorder, resulting in substantial mobility limitations 1 and a significant financial impact, 2 and the knee is the most commonly affected weight-bearing joint. 3 Risk for disability attributable to knee OA is equal to that for cardiac disease and greater than that caused by any other medical disorder in older adults. 4, 5 Impaired mobility due to knee OA will have an increasingly significant societal impact, with a lifetime risk for symptomatic knee OA between 14% and 45% 6, 7 as well as a substantial association with activity limitations. 8 To compensate for pain or joint instability, patients alter their walking strategies by shifting loads to joints such as the hip and ankle and alter patterns of muscle activation. 9 This can lead to increased energy expenditure as well as increased torque on other joints, contributing to functional limitations in these activities. 10 Rising from a chair, 11 community mobility, and ascending stairs are frequently limited with symptomatic knee OA, and these limitations are associated with physical dependence 12 and earlier death. 13 In a previous study, the authors of this study discovered differences in mechanical energy and power (the rate of energy use) in older adults with symptomatic knee OA with higher levels of physical function in comparison with those with lower levels of physical function. 9 These findings beg the question BTo what extent can targeted rehabilitation interventions transition lower-functioning older adults to a higherfunctioning status through targeting the characteristic motion strategies previously identified?[ To assess this question most effectively, a specific training program would be ideal.
The principle of specificity of training indicates that exercises that closely approximate the goal functional activity are most effective in improving physical performance during that activity. Gait training is most specific for improving gait, and evidence suggests that gait analysis in older adults with knee OA can identify specific changes in mechanical energy 14 and differentiate people with symptomatic knee OA with higher vs. lower mobility levels. 9 Therefore, rehabilitation that targets kinetic chain compensations may be most effective in reducing functional limitations through augmenting adaptive and reducing maladaptive compensations. Computerized motion analysis enables assessment of compensatory patterns that may not otherwise be detected, providing a potential means of attenuating functional limitations.
The purpose of this study was to assess the extent to which intensive gait training, informed by computerized motion analysis, can reduce mobility disability, impairments, and functional limitations in older adults with symptomatic knee OA. The authors of this study hypothesized that, in comparison with usual care (control group), a 3-mo participantspecific gait training intervention would improve mobility disability (Basic Lower Limb Function score on the Late Life Function and Disability Index [LLFDI] ) and that this benefit would be maintained at 6-and 12-mo follow-up. The secondary hypotheses were that, in comparison to baseline measures as well as at 3-, 6-, and 12-mo follow-up, participants in the gait-training intervention would demonstrate improvements in (1) knee pain and symptoms (The Knee Injury and Osteoarthritis Outcome Score [KOOS]) as well as (2) functional limitations (timed 400-m walk, chair-rise, and stair-climb tests).
PARTICIPANTS AND METHODS

Participants
Men and women age 60 yrs or older with symptomatic knee OA 9, 15 (defined using a definite osteophyte or joint space narrowing in either tibiofemoral compartment on posteroanterior knee radiographs 16 and an affirmative response to BHave you had pain or stiffness in one or both knees on most of the past 30 days?[ on both the telephone screen and screening visit 15, 17 ) and mobility disability (LLFDI advanced lower limb function score below 32 points) were recruited at the University of Iowa. This threshold for functional limitations was used because of its correlation with a Short Physical Performance Battery Score of 9 or lower, a cutoff for activities of daily living (ADL) disability in community-dwelling older adults. 18 All participants were able to walk without an assistive device and ascend at least two stairs. Given that women older than 60 yrs have 1.35-fold risk for knee OA as men do 19 and that women make up 55% of the population older than 60 years in developed nations, 20 the aim was to recruit approximately 65% women to include representative proportions by sex.
The primary recruitment strategy was targeted mailings to patients with ICD-9 codes relevant to knee OA (715.96, 715.16, 715.36) while excluding those with a code indicating lower limb surgery in the past 6 months. Orthopedics, rheumatology, and internal medicine clinics within a 40-mile radius also were targeted with mailings and fliers. In addition, study notices were posted in local senior centers and assisted living centers. Before enrollment of each participant, the principal investigator confirmed the presence of symptomatic knee OA, as defined previously.
Potential participants were screened by phone, including the LLFDI as well as assessment of the inclusion and exclusion criteria. Conditions other than knee OA, which could affect walking, were exclusionary (e.g., amputation, severe back pain, severe peripheral vascular or heart disease and neurological or developmental disease including multiple sclerosis, Parkinson disease, myositis, rickets, or lower limb musculoskeletal surgery in the past 6 mos). In addition, participants who had undergone corticosteroid injection either into a peripheral joint or into the spine in the past 3 months (which could threaten internal validity of assessing the independent effect of the intervention) or who anticipated inability to return for follow-up were excluded. Other prospective exclusion criteria that no volunteers met were as follows: medical conditions that may preclude safe participation in the study protocol, including but not limited to acute or terminal illness or unstable cardiovascular condition (e.g., New York Heart Association class III or IV congestive heart failure, clinically significant aortic stenosis, history of cardiac arrest, use of a cardiac defibrillator, uncontrolled angina); report of medical conditions that may impair ability to participate including but not limited to pulmonary disease requiring the use of supplemental oxygen; inability or unwillingness to comply with the study protocol or be randomized; inability to obtain written clearance for participation in the study by a physician; concurrent participation in another observational or interventional research study; current consumption of more than 14 alcoholic drinks per week; and/or judgment of the principal investigator that participation would endanger the safety of an individual.
This study was registered at clinicaltrials.gov (NCT00844558). All participants completed an institutional review boardYapproved consent process, culminating in providing written consent. On the screening Long Distance Corridor Walk (LDCW) test, no participants developed chest pain, severe shortness of breath, or sustained heart rate more than 135 beats per minute or less than 40 beats per minute, and all participants provided a written release to participate in the study from their physicians.
After completion of baseline outcome measures, participants who qualified were 2:1 randomized to either the gait-training or the control group (randomization.com). Sequentially numbered, opaque, sealed envelopes that contained the assignment for each study participant were prepared by a research assistant not involved with the study measurements or interventions.
OUTCOME MEASURES
Outcomes were measured at baseline as well as 3, 6, and 12 months later. The participants first completed questionnaires and then completed physical performance tests in the same order at each visit. Specifically, questionnaires were followed by the timed walk, chair rise, and stair climb tests.
Mobility Disability
The LLFDI Basic Lower Limb Function score (primary outcome) was included in addition to the performance-based outcome measures to allow the results to be compared with other studies of mobility in older adults 21, 22 and also because of the relevance of self-report of mobility disability in addition to measurement of functional limitations by physical performance testing. 18, 23 The study staff administered the LLFDI, 24 a 32-item questionnaire on functional limitations in performing activities, which was created to fit within the same disablement model used in the design of this study.
Functional Limitations
Performance tests provide measurements of functional limitations, 18 which interact with people's environment and expectations to contribute to disability. 18 Results of performance tests have been indicators of falls, nursing home admission, and mortality, 23,25,26 and gait speed as a measure of functional limitations has been found to correlate well with self-reported disability. 23 Because self-reported mobility disability and performance measures provide complimentary insights into the mobility status of older adults, both were measured.
The LDCW included both 2-min walk distance and 400-m walk time. This measure has been shown to be predictive of changes in community mobility. 25 The participants wore a heart rate monitor during the LDCW, and there were no episodes of sustained heart rate more than 135 beats per minute or less than 40 beats per minute or symptoms such as chest pain or shortness of breath. For participants unable to walk 400 m, gait speed was estimated from the 2-min walk distance.
Objective functional limitations also were assessed with a timed chair-stand test, measured as the time (in seconds) required to stand from a seated position in a standardized chair five times without using arms, 23 and found to be reliable in the laboratory of the authors of this study. 27 Functional limitations specific to ascending stairs were assessed with a timed stair climb, using a standard eight-stair flight (stair height = 19cm). The participants were instructed to ascend the stairs safely as quickly as possible. If necessary for safety, the handrails could be used. The stopwatch was started when the participant initiated foot movement and was stopped when both feet arrived on the top (eighth) step. Times for two trials, attempted on the same day, were averaged and recorded (to the nearest 0.01 secs), and left/right handrail use was recorded. The reliability for this test has been reported to be excellent (intraclass correlation coefficient, 0.97). 28
Knee Pain and Symptoms
The KOOS is a 42-item self-administered questionnaire that covers five patient-relevant dimensions, including pain and knee-related symptoms. This instrument has been found to be a reliable and responsive measure in older adults with knee OA as well as sensitive to changes in pain and knee-related symptoms over 6-and 12-mo periods. 29
Participant Characteristics
To confirm adequacy of randomization of factors that may influence mobility or pain, the participants completed the Physical Activity Score for the Elderly questionnaire, a self-administered physical activity questionnaire that covers leisure and work-related activities, 30 as well as the Center for Epidemiological Studies Depression Scale questionnaire. 31
Gait Analysis
Gait biomechanics over a level surface were evaluated using a three-dimensional motion analysis system (Optotrack, Model 3020, Northern Digital, Inc, Waterloo, Ontario, Canada; force plates, Kistler Model 9286, Amherst, NY) at baseline as well as during the 8th, 16th, and 24th visits. The participants walked along a 10-m walkway several times at their self-selected walking velocity and at 1.12 m/secs. Three noncollinear markers, placed on the pelvis and trunk as well as bilaterally on the feet, shanks, and thighs, were used to generate rigid body representations of each body segment as previously described. 9 Gait data were processed using Visual 3D software (C-Motion, Inc, Germantown, MD). The marker data, collected at 60 Hz, and the force plate data, collected at 300 Hz, were filtered with a second-order Butterworth low-pass filter with a conventional cutoff frequency of 6 Hz. 32 Inverse dynamics was used to calculate the net joint moments in three dimensions.
Gait Training Intervention
The participants randomized to the gaittraining group attended 24 biweekly 45-minute sessions directed by a physical therapist, which were composed of guided strategies to optimize knee movements during treadmill walking, using computerized motion analysis with visual biofeedback (Fig. 1 ). This frequency was selected in consideration of skeletal muscle recovery from exercise and evidence that biweekly is an appropriate exercise FIGURE 1 Participant-specific biofeedback during instrumented treadmill gait training. Example of real-time biofeedback provided during gait training for correction of kinematic patterns. Visual 3D was used to provide feedback to participants either as a skeleton model that introduced gross concepts of body movements (A) or target area that was used for more specific feedback (B). frequency for older adults. 33 Two physical therapists were involved with the study from initiation to completion, and each worked with the same participants throughout the entirety of the study. In addition to the supervised gait training, on the basis of evaluation of strength, flexibility, trunk and lower limb range of motion (ROM), and gait at the first gait-training visit, a physical therapist instructed the participants in individualized home programs. After the initial 3-mo intervention, the participants were encouraged to continue the intervention at home through scripted telephone-based motivational interviewing and a tracking component.
For the supervised training, information from the initial gait assessments and physical evaluations of strength and ROM were reviewed. Given the bias toward high external knee adduction moment (based on the authors' normative database, 0.35 T 0.15 Nm/kg), kinematic and spatial measures were assessed for asymmetries and abnormal magnitudes that, in previous work, were thought to affect knee frontal plane kinetics. 34Y37 The assumption that defined the training goals was that the external knee adduction moment, in individuals without knee OA, is achieved via good alignment and control of the pelvis (i.e., reduced pelvic drop) as well as reduction in truncal lean or rotation. Therefore, the major goals in retraining gait were to move participants toward symmetrical and typical displacements of the trunk and pelvis about neutral frontal (x) and transverse (y) axes. Correcting motion deviations about the frontal plane was prioritized in setting goals for the subjects. Whereas the majority of training time and primary focus for all subjects were trunk and pelvic kinematics, additional feedback, regarding secondary concerns (width of base of support and knee hyperextension during walking) was provided to those participants with identified abnormalities in those parameters. During the training, the physical therapist and participant monitored the reduction of the external knee adduction moment and pelvic control and the physical therapist confirmed that moments at other joints (e.g., the hips and the contralateral knee) were not negatively affected.
Measurable outcomes, including ROM measures and progress in ability to complete sets of repetitions with an elastic cord, were used to monitor the effectiveness of the home exercise component. These programs were progressed with the goal of enabling participants to develop gait patterns more characteristic of higher functioning older adults with knee OA. 9 The kinematic and kinetic information in combination with clinical assessments of ROM and strength were used to establish participant-specific goals for gait training. The same marker system and model generation was used to generate anatomical models of the participants during treadmill walking (Gaitway, h/p/cosmos sports & medical gmbh, Nussdorf-Traunstein, Germany). Treatment involved providing visual feedback for correction of motor performance. The initial gait training intervention was governed by the participant's experience walking on a treadmill and by their conditioning. The a priori training goal was for all participants, by the end of the second week, to be capable of walking on the instrumented treadmill at a self-selected speed for three 8-min intervals, with 3-to 5-min rest periods. Owing to moderate to severe mobility limitations, this was not achieved for some participants.
To correct kinematic patterns on the basis of participant-specific goals, during gait training, the participants were provided with intermittent realtime biofeedback on a computer screen placed on a table (150 cm in height) approximately 1 m in front of them. This feedback consisted of a skeletal image or specific kinematic measures represented in a line tracing over several gait cycles with a target area representing a neutral position (Fig. 1) . The real-time feedback enabled the participants to visualize body movements and make postural adjustments during treadmill walking. Feedback was also provided during rest periods to reinforce corrected patterns.
After the 3-mo intervention, the participants were encouraged through phone to continue the training on their own. Researchers contacted the participants in the gait-training group through telephone at 4, 5, 8, and 10 mos using a scripted motivational interview regarding the participants' knee OA and the walking program. In addition, the participants returned for level surface gait analysis at 3, 6, and 12 mos. The same modeling approach that was used during the initial level gait evaluation was used at the follow-up gait evaluations.
Osteoarthritis Self-care (Control Group)
The participants in the control group received the usual care for symptomatic knee OA through their usual healthcare providers and were not asked to make changes to their lifestyle. Usual care for these subjects may have included a yearly visit with their physician, use of pain medications for knee symptoms, knee surgery, and/or physical therapy. To provide a similar frequency of study contact as was provided to the gait-training participants, the control participants were given an Arthritis Foundation symptom diary and instructed to record twice each week for the first 3 mos (Sunday and Wednesday) and once a week (Sunday) for the following 9 months: their knee symptoms, healthcare appointments related to their knee OA, or any changes in the way in which they treated their knee OA. The researchers contacted the control participants by telephone at 1, 2, 4, 5, 8, and 10 mos in addition to meeting with them at 3, 6, and 12 mos for collection of outcome measures. The scripted telephone contacts and study visits ensured that the participants in both of the groups received a similar degree of attention throughout the trial.
Statistical Analyses
The study design was a two-group randomized controlled trial (RCT) with pairwise comparisons between the groups at baseline as well as at 3, 6, and 12 mos (CONSORT Checklist; Supplementary Digital Content 1, http://links.lww.com/PHM/A93). Longitudinal mixed models for repeated measures were constructed to test the hypotheses. For the primary outcome measure, the authors of this study tested whether the estimate of the difference in mean LLFDI Basic Lower Limb Function score for the gait-training group from baseline to 3 mos was significantly higher than the estimate of the difference for the control group during the same time period. Each model was based on three main effects: a fixed group effect, a random participant effect, and a fixed time effect consisting of four levels (baseline as well as 3, 6, and 12 mos). The authors also included an interaction effect for group and time to determine whether temporal changes differed between the groups. All analyses were conducted using SAS (Version 9.1.2, SAS Institute, Inc, Cary, NC).
A prospective sample size was estimated, using a one-way analysis of variance with three factor levels for the three groups, where the standard deviation for LLFDI Basic Lower Limb Function score was set to 7.44, based on communication with Suzanne C. Olarsch at Boston University on February 19, 2008, as the SD for change in the LLFDI in similar populations had not been published before the conduct of this study. To detect a difference in LLFDI Basic Lower Limb Function score of 5, with 70% power (for a two-sided test with alpha = 0.05), a minimum sample size of 28 is required. Owing to slow recruitment of older adults with symptomatic knee OA and moderate to severe mobility limitations in a pilot study, a need to maximize statistical power, and desire to best characterize the gait training intervention, the participants were 2:1 randomized to gait training and control groups.
RESULTS
A total of 18 men and 38 women were enrolled in this study and were randomized to the gait training intervention (n = 35; 26 women) or control group (n = 21; 12 women), and timing and reasons for dropouts are detailed in Figure 2 . At baseline, there were no significant differences between the groups of participants who completed at least one follow-up visit ( Table 1) . Baseline visits began on September 7, 2008. The last 6-mo visit took place on March 18, 2010 , and the last 12-mo visit took place on September 29, 2010.
Recruitment was successful in selecting a group of participants with moderate to severe mobility limitations. Because of this, only 10 participants were able to tolerate treadmill training set durations in excess of 7 mins. For 7 of the participants, average treadmill speed during training sessions was less than 0.7 m/secs. In addition, 20 of the 29 participants used bilateral handrail contact for safety when walking on the treadmill.
For the main analyses, estimates and 95% confidence intervals for the change in outcomes between the baseline visit as well as the 3-, 6-, and 12-mo visits, comparing the gait training and control group participants, are presented in Table 2 . The LLFDI Basic Lower Limb Function score (effect size, 0.7) and KOOS symptoms (effect size, 0.6) improved in the gait training versus control group at 3 mos, but these differences were not sustained at either 6-or 12-mo follow-up.
Intragroup analyses (Table 3 ) revealed improvement in the LLFDI Basic Lower Limb Function scores in the gait group at 3 and 6 mos. In the gait group, there also were improvements in knee pain and knee symptoms at 3, 6, and 12 mos. However, in the control group, there were no significant changes in the LLFDI Basic Lower Limb Function score, knee pain, or knee symptoms at any time point.
For the walk and stair climb times, there were no significant differences detected in either group at any time point. For the chair stand time, there were no significant changes at 3 mos in either group, but there were improvements at 6 and 12 mos in both the gait and control groups.
For the participants in the gait-training group, who were still enrolled at each time point, compliance with gait training instructions after completion of the 3-mo intervention was reported to be 87.5% at month 4, 91.7% at month 5, 94.2% at month 8, 94.3% at month 10, and 94.1% at month 12. Structured monthly assessments, reviewed by the data safety monitoring board, detected no adverse events in either group.
DISCUSSION
In this RCT, 3 mos of biweekly, intensive physical therapistYdirected gait training with continuous www.ajpmr.com lower limb kinematic biofeedback significantly improved mobility disability and knee symptoms in adults with symptomatic knee OA and moderately severe mobility limitations. However, improvements in mobility limitations when walking, standing from a chair, and ascending stairs were not significant in comparison with usual care. Furthermore, the improvements in mobility, knee pain, and knee symptoms in the gait-training group were not significant in comparison with the control group at 6-or 12-mo follow-up, indicating a lack of sustained benefit despite monthly motivational interviewing via telephone. The goal of the intervention was to improve lower limb mobility on the basis of observations that, during walking, altered gait mechanics may contribute to worsening of symptoms and physical function in people with knee OA. 9, 38, 39 According to a disablement model for knee OA, impairments such as pain and muscle weakness mediate the effects of pathology on development of functional limitations, such as reduced community mobility. 40 Reduced activity can lead to further weakness or loss of ROM, thereby altering walking mechanics and contributing to further joint pathology. On the basis of this model, interventions should be designed to reduce functional limitations and impairments, with the goal of interrupting this cycle and reducing risk for disability. As hypothesized, gait training reduced mobility disability (e.g., stair ascent and vehicle transfers) and improved knee pain. However, at greater than 3-mo follow-up, the gaittraining participants did not significantly differ in outcome measures in comparison with those in the control group. Furthermore, walk and stair climb times did not change in either group.
Despite endeavoring to maximize the effect size and duration of effect through maximizing specificity of training and basing the training on previously identified parameters in a similar population, the results of this study did not differ substantially from those of nonspecific exercise training. As summarized in three recent meta-analyses, a wide variety of exercise interventions improve pain and function in individuals with knee OA. 41Y43 Fransen and McConnell 43 found moderate effect sizes in 32 studies of knee OA exercise programs: standardized mean difference of 0.40 for improved pain and 0.37 for improved function. Tanaka et al. 42 found larger effect sizes for pain reduc tion, ranging from j1.42 for nonYweight-bearing strengthening to j0.70 for weight-bearing strengthening and only j0.45 for aerobic exercise in an RCT that involved training the equivalent of three times per week for 8 weeks (n = 8).
When studies with a broader range of training frequencies were included, Wang et al. 41 found smaller effect sizes for improved pain with aerobic exercise (standardized mean difference, j0.21) and improved pain (standardized mean difference, j0.68) and function (standardized mean difference, j1.00) with strengthening exercise in a review of 84 RCT of physical therapy interventions for knee OA and characterized the results as having low strength of evidence (due to risk for bias and lower precision of estimated treatment effects). Thus, effect sizes for improving functional limitations seem to be moderate at best. In fact, Fransen and McConnell 43 estimated that the result of short-term supervised exercise programs for knee OA may lead to a reduction of only 1 point on the Western Ontario and McMaster Universities Arthritis Index (WOMAC) pain index (scale 0Y20) and 3 points on the WOMAC function index (scale of 0Y68).
Several lines of evidence also indicate that this low effect size may be because exercise interventions that improve impairments, such as lower limb weakness, may not necessarily reduce functional limitations 44Y46 ; therefore, task specificity or training for specific functional activities may be more appropriate for older adults with knee OA. In an RCT comparing functional-task exercise with resistance exercise and a control group of women older than 70 years without mobility limitations, de Vreede et al. 44 found that performance improved significantly more in the functional-task exercise group, despite significant knee extensor and elbow flexor strength gains in the resistance exercise group. For this reason, Teixeira et al. 46 recommended function-specific interventions for people with knee OA, rather than focusing on correction of impairments, which may not be sufficient to improve physical performance. Thus, these findings may explain, in part, why the treadmill gaittraining intervention with kinematic foci did not improve performance on timed mobility tests.
The authors of this study found a reduction in mobility disability and knee symptoms at 3 mos but no statistically significant improvement in mobility performance in comparison with usual care. These findings are in line with previous studies of gait interventions. Indeed, older adults with knee OA who participated in walking training have improved their walking speed and activity level, but not other functional limitations, such as chair stand or stair ascent, or impairments such as pain or muscular weakness. 47 Although the participants in the study's gait-training intervention did not improve their walking times, this could be related to not focusing on increasing gait speed in their training. Thus, this particular intervention would be unlikely to improve gait speed, despite a short-term improvement in knee pain and symptoms. The frequency (twice per week) and duration (3 mos) of the intervention are unlikely to account for the absence of positive findings. Previous studies provide evidence that this was a sufficient frequency and duration for improvement. For example, Shull et al. 48 evaluated 6 wks of once-weekly gait training and found significant improvements in pain and function upon completion and at 1-mo follow-up.
Despite being a well-controlled study over a clinically useful duration for assessment of outcomes, there were several potential limitations. This study included individuals with moderately severe mobility disability. However, individuals varied in knee OA radiographic severity and it is possible that those with more severe or long-standing mobility limitations may have been less likely to demonstrate improvement in mobility. Furthermore, participants with LLFDI Basic Lower Limb Function scores below a threshold for disability were recruited to target a population with the greatest need for an intervention to improve mobility. However, this group may have been too severely limited to maximally benefit from the intensive gaittraining intervention. Recruitment also resulted in a greater percentage of women than what was anticipated. Given that women older than 60 yrs have a 1.35-fold risk for knee OA in comparison with men 19 and that in developed nations women make up 55% of the population older than 60 yrs, 20 the authors' aim was to recruit approximately 63% women to include representative proportions by sex. However, owing to the multiple inclusion criteria, a higher proportion was recruited (70.4%). It is unclear whether this could have an impact on the findings or the direction of such an impact, as contrary effects (e.g., women having lower physical function but being more compliant with the intervention) or whether unmeasured factors could account for an effect or lack of effect on the results.
Statistical power also was an important limitation in that 28 participants were required, but there were a greater number of dropouts than what was anticipated (7 by month 6 and 11 by month 12). This may have led to inability to detect statistically significant intergroup differences at these later time points. An important finding was that, despite the improvement in self-reported function at the end of the 3-mo gait-training intervention, results were not sustained. This suggests that the motivational interviewing via telephone may have been insufficient and that booster sessions may be necessary to sustain improvement.
This study focused on the effects of a highly resource-intensive gait-training program on impairments and functional limitations. Further analyses should assess whether such a program may result in biomechanical changes in gait that could protect against structural or symptomatic progression of knee OA.
CONCLUSIONS
In comparison with usual care, 3 mos of individualized physical therapistYsupervised gait training reduced self-reported mobility limitations in older adults with symptomatic knee OA immediately, but a prolonged effect was not detected at 6 or 12 mos. 
